The hippocampus has a highly ordered structure and is composed of distinct layers. Neuronal migration is an essential part of the process of the layer formation because neurons are primarily generated near the ventricle and must migrate to arrive at their final locat ions during brain development. Impairment of brain development is thought to underlie the etiology of psychiatric disorders. Consistent with this idea, many genetic risk factors for psychiatric disorders play critical roles during brain development. As one example, Disruptedin-Schizophrenia-1 (DISC1) is a genetic risk factor for major psychiatric disorders and plays various roles during neurodevelopment. To examine the role of Disc1 in the hippocampal development, we suppressed expression of Disc1 in the CA1 region of the developing mouse hippocampus by using the RNA interference (RNAi) technology and an in utero electroporation system. Disc1 suppression was found to impair migration of the CA1 pyramidal neurons. This effect was especially apparent while the majority of the transfected neurons were passing through the stratum pyramidale of the developing hippocampus. The migration of neurons was restored by expression of an RNAi-resistant wild-type mouse Disc1, indicating that the migration defect was caused by specific suppression of Disc1. In the mature hippocampus, the migration defect resulted in malposition and disarray of the pyramidal neurons. These findings indicate that Disc1 is required for migration and layer formation by the CA1 pyramidal neurons during hippocampal development.
INTRODUCTION
The hippocampus has a highly ordered structure and consists of distinct layers. The process of formation of the layers is thought to be essential for the proper arrangement of neural circuits that are important for higher brain functions. Neuronal migration is an essential part of the process of the formation of the hippocampal layers, because neurons are primarily generated near the ventricle and must migrate to arrive at their final locations (1, 2) . However, recent molecular analyses of neuronal migration have mainly been carried out in the cerebral neocortex and the molecular mechanisms underlying formation of hippocampal layers are not yet completely understood.
Many genetic risk factors for psychiatric disorders, including schizophrenia, play critical roles in neural development (3, 4) . The concept that impairment of brain development is a key to the etiology of psychiatric disorders (5,6) has been further supported by the finding that multiple rare mutations in genes governing neurodevelopmental pathways contribute to psychiatric diseases (7) , such as schizophrenia, bipolar disorder and autistic spectrum disorders (ASDs). Disrupted-in-Schizophrenia-1 (DISC1) is a genetic risk factor for major psychiatric disorders (3,8 -10) . DISC1 was originally found in a Scottish family whose members had a wide range of major mental illnesses, including schizophrenia (11, 12) . Roles of Disc1 in various phases, such as in cell proliferation (13, 14) , neuronal migration (14) (15) (16) , dendritic development (17) and synapse maintenance in mature neurons (18) , have been reported.
Although Disc1 is thought to function during neocortical development (13-17,19 -21) , it is also expressed in the hippocampus (22, 23) . Roles of Disc1 in adult hippocampal neurogenesis have been revealed by an oncoretrovirus-mediated RNA interference (RNAi) approach (24) . Moreover, studies have shown that the hippocampus is involved in the † These two authors equally contributed to this work. * To whom correspondence should be addressed. Tel: +81 333531211; Fax: +81 353791977; Email: kazunori@z6.keio.jp # The Author 2011. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions@oup.com Human Molecular Genetics, 2011, Vol. 20, No. 14 2834-2845 doi:10.1093/hmg/ddr194 Advance Access published on May 3, 2011 pathophysiology of schizophrenia (25 -27) . At least some of the hippocampal pathology in schizophrenia is thought to have a developmental origin (26) ; therefore, we investigated the role of Disc1 in the developing hippocampus in this study. We used an in utero electroporation system (28, 29) to introduce RNAi constructs designed to disrupt the function of Disc1 molecules, and the results revealed that Disc1 is important for the process of cell migration and layer formation that occur during the development of the hippocampus.
RESULTS

The method of in utero gene transfer to the embryonic hippocampus
Previous studies have reported that the pyramidal neurons in the mouse hippocampus are generated during embryonic day (E) 12-18, and that their generation peaks between E14 and 16 (1, 30) ; therefore, in the present study, we transfected plasmid constructs into hippocampal ventricular zone (VZ) cells at E15 to label the pyramidal neurons that were generated on E15 or later. To transfect the embryonic hippocampus, we injected a green fluorescent protein (GFP)-expression plasmid into the lateral ventricle of the telencephalon and placed the cathode adjacent to the neocortex on the side of the target hippocampus as shown in Figure 1B . For transfection into the hippocampus, the polarity of the electrodes was the opposite of the polarity used to perform electroporation into the neocortical VZ (Fig. 1A and B) . Five days later, at postnatal day (P) 1, GFP-labeled cells were distributed in the VZ, the intermediate zone (IZ) and the hippocampal plate (HP) of the CA1 region of the developing hippocampus ( Fig. 1F and H) . Interestingly, 5 days after electroporation, only a few GFP-labeled cells were found in the HP (Fig. 1H) , whereas most GFP-labeled cells had left the VZ/multipolar cell accumulation zone [MAZ, which overlaps with the lower part of the subventricular zone (31)] and had reached the cortical plate (CP) in the neocortex ( Fig. 1E and G) . As indicated by a previous study (2) , hippocampal cells required more time to migrate out of the IZ than the neocortical cells did. Seven days after electroporation, at P3, a larger number of labeled neurons had migrated into the stratum pyramidale (SP) (former HP) of the CA1 region of the hippocampus (Fig. 1J ).
Disc1 distribution in the developing hippocampus
Disc1 has been reported to be expressed in the hippocampus from the embryonic stage (E18) (23) through adulthood (22, 23) . To confirm and refine the localization of the Disc1 protein, we performed immunohistochemistry with an antiDisc1 antibody (DISC1 Mid) (23) . The results showed widespread expression of Disc1 within the developing hippocampus at P1, P2 and P3 ( Fig. 2) with strong immunofluorescent signals detected in the SP and the residual VZ and modest signals in the stratum oriens (SO; former IZ), stratum radiatum (SR) and stratum lacunosum moleculare (SLM). When GFP-positive cells were magnified, staining of Disc1 was observed in a small punctate pattern in the cell bodies and in the (leading) processes of the migrating (Fig. 2B-C ′′′ , E-E ′′′ and I-I ′′′ ) and migrated cells
. When an HA-tagged exogenous Disc1 was introduced into the GFP-positive migrating cells, the exogenous Disc1 also produced a punctate pattern that was predominant in cell bodies and the leading processes ( Fig. 2J -O, arrows) , supporting the characteristic distribution of Disc1 protein described earlier. The same immunostaining pattern was obtained with another anti-Disc1 antibody (DISC1 C-term (23), Supplementary Material, Fig. S1 ).
Effect of Disc1 suppression on neuronal migration
Next, we used two RNAi constructs that target different exons of Disc1 to inhibit its expression: DISC1 RNAi-1 for exon 6 was used to achieve milder suppression (19) and DISC1 RNAi-2 for exon 2 was used to achieve stronger suppression (16) . Suppression of Disc1 was confirmed by western blotting using HEK293T cells (Supplementary Material, Fig. S2) .
To investigate the effect of suppression of Disc1 on neuronal migration, we used in utero electroporation to transfect the developing hippocampus with RNAi plasmid constructs and a GFP-expression plasmid. Examination of the CA1 regions of the transfected brains at postnatal day (P) 1, i.e. 5 
2836
Human Molecular Genetics, 2011, Vol. 20, No. 14 days after transfection at E15, revealed that most GFP-positive neurons had exited the VZ and migrated into the SO of the CA1 regions of the hippocampus and that a small subset was present in the SP (Fig. 3A -C ′ ). The average percentage of the distance of migration of the GFP-positive cells between the top of the SP and the ventricular surface was 34% in the control RNAi construct (Con RNAi)-transfected control brains, 31% in the DISC1 RNAi-1-transfected brains and 29% in the DISC1 RNAi-2-transfected brains (Fig. 3J) , and there was no significant difference of the distance of migration at this stage. At P2 (one day later), the average percentage of the distance of migration was 39% in the Con RNAi-transfected control brains, 36% in the DISC1 RNAi-1-transfected brains and 30% in the DISC1 RNAi-2-transfected brains (Fig. 3L) . The difference between the average distance migrated in the control and DISC1 RNAi-2-transfected brains was found to be significant (P , 0.05, Tukey -Kramer test), indicating that the strong suppression of Meyer and Morris (33) reported that knockdown of Disc1 did not affect the migration of CA1 pyramidal neurons. Therefore, we created an RNAi plasmid construct having the same target sequence and promoter as those used in the previous study (Disc1-shRNA3) and its control vector (Disc1-mshRNA3) (33) (Supplementary Material, Fig. S2 ). Consistent with the previous study, no significant difference from the control (Disc1-mshRNA3) was observed when we transfected Disc1-shRNA3 into the hippocampus at E15 and analyzed at P2 [in the same time frame as the previous study (33) The migration delay by the suppression of Disc1 became apparent when cells were migrating through the stratum pyramidale
The migration defect became more apparent when the brains were analyzed 1 day later (P3) (Fig. 3G-I ′ , N and O). In the control brains, most of the labeled neurons had migrated through the SP of the CA1 regions of the hippocampus (Fig. 3G and G ′ ), and the majority of the GFP-positive cells in the SP had already reached and became distributed along the top of the SP. In contrast, in the RNAi-transfected brains, a large number of GFP-positive neurons were in the process of migration below the SP (Fig. 3H-I ′ ). The control cells migrated an average of 70% of the distance between the top of the SP and the ventricular surface, whereas cells electroporated with DISC1 RNAi-1 and DISC1 RNAi-2 migrated an average of 57 and 42% (Fig. 3N ), respectively, both of which were significantly shorter than the distance migrated by the control cells (P , 0.01, Tukey-Kramer test). The proportions of GFP-positive cells in the SP among all of the labeled cells were significantly lower in the RNAitransfected brains at P3 (P , 0.01, Tukey -Kramer test, Fig. 3O ).
Moreover, we transfected Disc1-shRNA3 and Disc1-mshRNA3 into the CA1 region of the hippocampus at E15 and performed an analysis at P3 (Supplementary Material, Fig. S4G -L) . The control cells (Disc1-mshRNA3-transfected cells) had migrated an average of 65% of the distance between the top of the SP and the ventricular surface, whereas cells electroporated with Disc1-shRNA3 had migrated an average of 57% (Supplementary Material, Fig. S4K ), which was significantly shorter than the distance migrated by the control cells (P , 0.05, Student's t-test). This provides further support for the finding that suppression of Disc1 inhibits the migration of CA1 pyramidal neurons.
The migration of neurons was restored by expression of an RNAi-resistant wild-type mouse Disc1
The migration defects caused by the suppression of Disc1 were reversed when RNAi-resistant wild-type mouse Disc1 was expressed (Fig. 4D-E ′ , I -L). The average migration distances were 76% in the brains transfected with DISC1 RNAi-1 and DISC1-R #1 (mouse Disc1 sequences resistant to DISC1 RNAi-1) and 68% in the brains transfected with DISC1 RNAi-2 and DISC1-R #2 (mouse Disc1 sequences resistant to DISC1 RNAi-2) (Fig. 4K ). Both were significantly greater than their RNAi and vector-transfected counterparts (P , 0.01, Tukey -Kramer test).
To further quantify the migration, the distribution of GFP-positive cells was evaluated using a bin distribution analysis. Although 64% of the cells electroporated with a control RNAi construct (Con RNAi) had completed migration and were distributed near the top of the SP (corresponding to bins 8 to 10), only 39% of the cells electroporated with DISC1 RNAi-1 and 22% of cells electroporated with DISC1 RNAi-2 migrated to the same extent (Fig. 4L) . The proportions of 
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Human Molecular Genetics, 2011, Vol. 20, No. 14 migrated GFP-positive cells were significantly restored by expression of an RNAi-resistant wild-type mouse Disc1 (70% in the brains transfected with DISC1 RNAi-1 and DISC1-R #1 and 55% in the brains transfected with DISC1 RNAi-2 and DISC1-R #2 , Fig. 4L ). These observations support that the migration defects are caused by specific suppression of Disc1.
Knockdown of Disc1 causes malposition and disarray of pyramidal neurons in the mature hippocampus At P14, 18 days after electroporation, the migration defects of the cells electroporated with Disc1 RNAi constructs remained evident (Fig. 5) . Almost all cells transfected with the control siRNA construct were arranged beneath the top of the SP, 
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Human Molecular Genetics, 2011, Vol. 20, No. 14 whereas when Disc1 was suppressed, only a subset had reached the SP, and a large proportion of the cells remained below the SP (Fig. 5A -F) . Even the cells that had reached the SP exhibited a scattered and disarrayed distribution within the SP (Fig. 5B ′ , C ′ and H), in contrast to the control cells that were distributed in the upper half of the SP (Fig. 5A ′ and G). The control cells had migrated an average of 81% of the distance between the top of the SP and the ventricular surface, whereas the cells electroporated with DISC1 RNAi-1 and DISC1 RNAi-2 had migrated 74 and 56% of the distance (Fig. 5I) , respectively, and both percentages were significantly lower than the percentage migrated by the control cells (P , 0.01, Tukey -Kramer test). The ratios of GFP-positive cells that failed to be incorporated into the SP of the control brains, the brains electroporated with DISC1 RNAi-1, and the brains electroporated with DISC1 RNAi-2 were 1.6, 14 and 40%, respectively. Significantly higher proportions of the GFP-positive cells were distributed below the SP in the RNAi-transfected brains than in the control brains ( Fig. 5J, * ; P , 0.05, #; P , 0.01, according to the TukeyKramer test). The above findings indicate that the migration defect caused by the impairment of Disc1 functions in the developmental stage resulted in the malposition of the pyramidal neurons in the mature hippocampus.
Furthermore, disorientation of dendrites has been identified in the neocortex with impaired neuronal migration by ourselves and others (15, 34) ; therefore, we characterized the orientation of the apical dendrites of the GFP-positive cells in the SP and SO of the CA1 region (Fig. 5K) . A significant difference in the deviation of the axes was observed between the control and the Disc1 RNAi-transfected brains (Fig. 5L , P , 0.01, Tukey -Kramer test). This indicates that the migration defects caused by the impairment of Disc1 were accompanied by disarray of apical dendrites.
DISCUSSION
In the present study we suppressed the expression of Disc1 in the CA1 region of the developing mouse hippocampus by RNA interference (RNAi) and an in utero electroporation system. Knockdown of Disc1 resulted in impaired migration of CA1 pyramidal neurons, which was significantly reversed by the expression of an RNAi-resistant wild-type mouse Disc1, thereby corroborating the specificity of the RNAi. At later stages, the migration defect resulted in disarray of the CA1 pyramidal neurons.
The finding that knockdown of Disc1 results in impaired migration is partly consistent with the previous report by another group, which showed that knockdown of Disc1 in the developing mouse hippocampus hindered the migration of dentate granule cells (33) . In contrast, knockdown of Disc1 in adult-born dentate granule cells led to accelerated integration of newly generated neurons (24, 35) . The (Table 1) . Migration delay in developing neocortex has also been confirmed by virus-mediated knockdown of Disc1 (16, 24) .
Disc1 has multiple isoforms at both mRNA and protein levels (38) (39) (40) (41) . It is noteworthy that different functions of several Disc1 isoforms may be involved in roles of Disc1 at specific stages. Thus, shRNAs with distinct target sequences (exons) may suppress different isoforms of Disc1, and this may produce alterations in the interaction with proteins that may have different functions in different cellular processes. Identification and characterization of the isoforms of Disc1 will allow us to understand the complex roles of this gene. Additionally, since conventional shRNA plasmids (used in this study) are not temporally well controlled, we could not exclude the possibility that an affected cellular process (e.g. cell proliferation) might influence on the subsequent cellular process (e.g. neuronal migration). Inducible and cell-type-specific gene targeting systems would be expected to further characterize the Disc1-mediated molecular mechanisms in specific cellular processes.
Meyer and Morris (33) reported that knockdown of Disc1 had no effect on the migration of pyramidal cells in the developing CA1 at P2. They used Swiss Webster mice in their analyses. In outbred strains, such as Swiss Webster and ICR mice, some but not all of them carry a spontaneous 25-base pair (bp) deletion (unpublished data), which was originally reported in the 129S6/SvEv mouse strain (39), losing production of specific isoforms of Disc1 (40) . In this study, we used the C57BL/6 mouse strain (except for Supplementary Material, Fig. S5 , in which 129 mouse strain was used) to avoid the possibility of the confounding effects of the 25bp deletion on Disc1 functions. Although the phenotypes of Disc1 suppression were similar between 129 and C57BL/6 mice as shown in Supplementary Material, Fig. S5 and as reported in adult hippocampal neurogenesis (35) and in developing neocortex (16), 25bp deletion might cause slight difference in the results.
The finding by Meyer and Morris (33) was replicated by our observation that mild Disc1 suppression (with DISC1 RNAi-1 in Figure 3 and with Disc1-shRNA3 in Supplementary Material, Fig. S4 ) did not affect the migration rate of the pyramidal neurons when the brains were analyzed at P2. It is noticeable that the majority of the migrating neurons had not yet entered the SP at P2, in both of our analyses (Fig. 3 and  Supplementary Material, Fig. S4 ) and in the previous analysis (33) . However, as shown in Figure 3 , the pyramidal neurons then migrated so rapidly that they had almost reached the top of the SP on the next day (P3). Their migration appeared to be especially sensitive to knockdown of Disc1 at this stage (from P2 to P3; a schematic representation is shown in Fig. 6 ), because the neurons exhibited a marked migration defect at P3 even as a result of the mild suppression of Disc1 in DISC1 RNAi-1-tranfected brains (Figs 3 and 4) and in Disc1-shRNA3-tranfected brains (Supplementary Material, Fig. S4 ). In other words, the migration delay became more apparent when the majority of the neurons were passing through the SP. This is in agreement with our previous finding that the migration delay by the suppression of Disc1 became significant after the neurons entered the CP of the neocortex, although this difference was not apparent when the neurons were migrating within the IZ (below the CP) (16) . Migrating neurons assume a 'bipolar' shape during the locomoting mode of migration in the CP (29) and the migration through the SP of the developing hippocampus (2) . Thus, the impairment of Disc1 functions in the migrating neurons may keenly disrupt the 'bipolar' migration mode that is thought to be necessary for the migration through the highly packed layer/zone of their predecessors in order to achieve the 'inside-out' pattern of layering in the developing hippocampus as well as in the developing neocortex (15, 16) .
Lastly, the results of this study show that the in utero electroporation system that we originally developed to study neocortical development (28) can be effectively used to examine gene functions during hippocampal development in vivo. This will serve as a powerful method for discovering the molecular mechanisms of hippocampal development in the future, the same as in the study of neocortical development.
MATERIALS AND METHODS
In utero electroporation
All animal experiments were performed according to the guidelines of Keio University School of Medicine. Pregnant C57BL/6NCr (Japan SLC) mice were deeply anesthetized with pentobarbital sodium (Nembutal), and their intrauterine embryos were surgically manipulated as described previously (28, 42, 43) . Briefly, plasmid solutions at a concentration of 1.0-2.5 mg/ml in 1 -2 ml were injected into a lateral ventricle and in utero electroporation was performed. A CAG-driven green fluorescent protein (GFP) expression vector (pEGFP-CAGGS1) (44) was co-transfected at a concentration of 1.0 mg/ml. A Disc1 expression vector or control expression Figure 6 . A schematic representation of the effect on migration by knockdown of Disc1 is shown. At P2, in the control brains, the majority of the migrating neurons were still below the stratum pyramidale (SP). However, as shown in Figure 3 , the pyramidal neurons then migrated rapidly and had almost reached the top of the SP on the next day (P3). In contrast, when Disc1 was suppressed, migrating neurons could not pass though the SP smoothly, and the neurons exhibited a marked migration defect at P3. The migration appeared to be especially sensitive to Disc1-knockdown at this period (P2-P3), because the neurons exhibited a marked migration defect at P3 even as a result of the mild suppression of Disc1 in DISC1 RNAi-1-tranfected brains (Fig. 3) and in DISC1-shRNA3-tranfected brains (Supplementary Material, Fig. S4 ). In other words, the migration delay became more apparent when the majority of the neurons were passing through the SP.
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Brain slice preparation and staining
Coronal slices of developing brains were prepared as described previously (29) . Briefly, the brains were fixed with 4% paraformaldehyde and cut into 20-40 mm sections with a cryostat. Germany; FV300 or FV1000, Olympus Optical, Tokyo, Japan).
Statistical analysis of cell distribution
To analyze cell distributions of cells in vivo quantitatively, the nuclei of the GFP-positive cells were visualized by staining with PI. Relative distance was determined by measuring the distance (X) of the nucleus from the ventricle with the Image-J software and dividing it (X) by the distance (Y) between the top of the SP and the ventricle along a line that passed through the nucleus (X/Y corresponds to the relative distance of the nucleus). The average relative distances were calculated and the means + standard error of the averages were then calculated. Student's t-test or ANOVA followed by the Tukey -Kramer test was used to test for statistical significance.
Cell distribution was also evaluated by dividing areas into 10 bins and counting cells in each of the bins. The deepest bin was designated Bin 1 and the most superficial bin as Bin 10. For the sake of accuracy, the relative distance of each cell from the ventricle (X/Y mentioned earlier) was used to assign the cells to each of the 10 bins. For example, cells whose relative distance was .0.9 but ≤1.0 were assigned to Bin 10 and those with distances 0 -0.1 were assigned to Bin 1. The ratio of the cells in each bin was calculated by dividing the number of cells in a bin by the total number of cells in all of the bins.
Analysis of the number of nestin-positive fibers
Coronal brain sections were stained with anti-nestin antibody and 4 optical Z-section images were acquired every 0.5 mm and all focal planes (2 mm thick) were merged. The numbers of the nestin-positive fibers running within the defined width (340 mm) of the SP of the transfected side of hippocampus were counted and normalized by dividing the values by the numbers of the nestin-positive fibers in the same width (340 mm) and thickness (2 mm thick) of the contralateral hippocampus.
Analysis of the orientation of the apical dendrites
The brains were cut into 40 mm coronal sections with a cryostat and the orientations of the apical dendrites of the GFP-positive cells in the SP and SO of the CA1 region were investigated. The axis line that connected the origin of the apical dendrite (for example, upper and thinner dashed line in Fig. 5K ) to the center point of the line (for example, lower and thicker dashed line in Fig. 5K ) binding the basal surface of the soma was drawn. The orientation was defined as the angle formed between this line and a second line through each pyramidal cell perpendicular to the ventricular margin and was measured by ImageJ software.
RNAi assay
RNAi was performed by using the pSuper RNA vector system (45) . A representative previously reported construct, DISC1 RNAi-1, which causes milder suppression of Disc1 (15) and has the following sequence was used in the present study: 5 ′ -CGGCTGAGCCAAGAGTTGG-3 ′ , and another construct, which was kindly provided by Dr Kamiya, DISC1 RNAi-2, and that causes stronger suppression of Disc1 and has the following sequence 5
′ -CGGCTTCCAAGACACCTTC-3 ′ , was also used. In control silencing experiments, we used a scrambled target sequence without homology to any known messenger RNA on the pSuper RNA vector as a control RNAi plasmid (Con RNAi).
To construct shRNA-expressing vectors which has the same target sequence and promoter as the previous study (Disc1-shRNA3) and its control vector (Disc1-mshRNA3) (33) , oligonucleotides targeting the Disc1 coding sequence (Disc1-sh3: 5 ′ -GCATACATTGCTCAGGGAATG-3 ′ ) or mutated sequence (Disc1-msh3: 5
′ -GCATACATTCCTGACG GAATG-3 ′ ) for the control were inserted into the pSilencer 1.0-U6 vector (Ambion) according to the manufacturer's instructions.
RNAi-resistant form of DISC1
Expression constructs for RNAi-resistant forms of mouse Disc1 were made to test functional complementation in a migration assay by using the in utero electroporation system. The mouse Disc1 sequences constructed with mismatches to mouse Disc1 were: DISC1-R #1 (a mouse Disc1 sequences that is resistant to DISC1 RNAi-1), 5
′ -CGCCTGAG TCAAGAATTAG-3 ′ and DISC1-R #2 (a mouse Disc1 sequences that is resistant to DISC1 RNAi-2), 5
′ -CGGTTTTCAAGATACGTTC-3 ′ (bold: mismatched nucleotides).
Cell culture, transfection and western blot analysis HEK293T cells were transfected with the Superfect transfection reagent (Qiagen) and cultured for 2 days. The HEK293T cells were then washed with phosphate-buffered saline (PBS: 10 mM sodium phosphate, pH 7.4, 150 mM NaCl) and lysed in a cell lysis buffer (RIPA buffer: 50 mM Tris -HCl pH 7.5, 150 mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% SDS) containing a protease inhibitor cocktail Human Molecular Genetics, 2011, Vol. 20, No. 14 2843 (Roche). The lysates were solubilized with a sample buffer [62.5 mM Tris -HCl, pH6.8, 2.3% SDS, 0.005% bromophenol blue (BPB), 10% glycerol, 5% 2-mercaptoethanol], and after boiling the solubilized materials for 3 min, they were subjected to SDS -PAGE (10% acrylamide) and transferred to a PVDF membrane. The blot was treated for at least 1 h with a blocking buffer, PBS-T (10 mM sodium phosphate, pH 7.4, 150 mM NaCl, 0.05%Tween-20) containing 5% non-fat dry milk, then incubated for 1 h with a mouse anti-HA antibody (1:1000, Covance), and after washing three times, was incubated for 1 h with an HRP-labeled goat anti-rabbit IgG (1:500, DAKO) and washed three times again. All incubations and washes were performed in PBS-T at room temperature. After the final wash, the blot was subjected to chemiluminescence detection. To demonstrate the amount of loaded proteins, the blot was stripped with SDS and reprobed with a rabbit anti-GFP antibody (1:1000, MBL). Quantitative densitometric measurement of western blotting was performed by ImageJ software.
